Aim: This study was conducted to evaluate the smear layer removal efficiency of apple vinegar and EDTA when used as final rinse using scanning electron microscope (SEM) and to quantify the calcium content of intraradicular dentin after being treated with apple vinegar or EDTA using energy dispersive X-ray microanalyzer (EDX). Materials and methods: Fifty palatal roots of extracted human permanent maxillary molars with completely formed were selected and prepared with Universal Protaper rotary files. After using each file, canals were irrigated with 2 ml of 2.6% NaOCl for 1 minute. The samples were divided into 4 groups according to the final rinse used and the application time: (10 samples each), Group I: 17% EDTA for 1 minute.Group II: Apple vinegar for 1 minute. Group III: 17% EDTA for 3 minutes.Group IV: Apple vinegar for 3 minutes.Group V: control group is divided into: GV(A), Five samples where the root canals were irrigated with sterile saline and GV(B), Five samples were used to assess the calcium content with energy dispersive X-ray microanalyzer (EDX), where the root canals will not receive any treatment. Results: Regarding smear layer removal, at coronal and middle thirds there was no statistically significant difference in the mean scores of smear layer produced by the tested groups.At the apical third the lowest mean smear layer score was recorded in specimens treated with apple vinegar for 1 minute (Group II) with a statistical significant difference from specimens treated with 17% EDTA for 1 minute (Group I). Regarding the calcium content, the highest mean value was recorded in specimens treated with apple vinegar for 1 minute (Group II) with statistically significant difference from that recorded in specimens treated with 17% EDTA for 1 minute (Group I) and specimens treated with apple vinegar for 3 minutes (Group IV). Conclusion: Apple vinegar was capable of adequately removing smear layer from intraradicular dentin when used as final rinse.Apple vinegar was more effective in removing smear layer from intraradicular dentin at the apical third compared to 17% EDTA. Apple vinegar was more effective when used for one minute as final rinse in the removal of smear layer without affecting the calcium content of intraradicular dentin compared to 17% EDTA. 
INTRODUCTION
The success of the endodontic treatment depends on thorough debridement of the root canal system. During canal preparation, dentin chips created by the action of endodontic instruments add to the remnants of organic material, forming a smear layer that adheres to the canal walls (1) . In an effort to remove this layer completely, a number of irrigating solutions have been investigated. Sodium hypochlorite (NaOCl) is the most commonly employed irrigating solution during cleaning and shaping of the root canal system. However, its capacity to remove smear layer from the instrumented root canal walls has been found to be lacking, as it only affects the organic part of the smear layer (2, 3) . Chelating agents have been recommended as adjuvants in root canal treatment as they are able to remove the inorganic component of smear layer. The most common chelating solutions are based on ethylenediamine tetra acetic acid (EDTA), which is used alternatingly with NaOCl solutions to remove the smear layer. However, there is concern that this combined irrigation regimen causes inadvertent erosion of the intertubular and peritubular dentin, especially when EDTA applied more than 1 minute. Moreover, the chelating effect of EDTA was almost negligible in the apical third of the root canals (2, 4) .
The components of the smear layer are very small particles with a large surface-mass ratio, which makes them very soluble in acids. Weak acids such as citric acid, malice acid and apple vinegar have been introduced to minimize the harmful effect of EDTA on dentin. The use of apple vinegar as solution aid in the chemomechanical preparation has been proposed in endodontics and deserves special attention, due to its promising results, when compared to other auxiliary solutions most commonly used in endodontics such as EDTA and sodium hypochlorite (4) . Moreover, the effectiveness of vinegar on the endodontic microbiota, physicochemical properties and their role in the apical and periapical repair process have been developed (5) .
Apple vinegar is a combination of acetic, citric, formic, lactic, succinate and tartaric acids with small quantities of alcohol resulting from the fermentation process and it is responsible for reducing the surface tension of the solution. However, the highest acid concentrations of the vinegar are represented by the acetic (5%) and malic (0.35%) acids. Malic acid may boost the immune system with power supply within the cells, because it is one of the acids in the Krebs cycle (6) .
The influence of different types of vinegar (white, apple, rice, white wine and vinegar) on the removal of smear layer and exposure of dentinal tubules has been evaluated. The results showed that the vinegars can remove the smear layer of the root surface and exposed dentinal tubules. The balsamic vinegar was associated with less removal of smear layer from the other tested types (7) . In a subsequent study, the cleaning of root canal promoted by apple vinegar, 2.5% sodium hypochlorite, 2% chlorhexidine and combinations of those drugs with EDTA has been analyzed by SEM. The combination of EDTA to irrigating solutions significantly increased cleaning capacity of all solutions. The best result was obtained by apple cider vinegar combined with EDTA (4) . The smear layer removal with several root canal chelators (15% EDTA, 10% citric acid, 10% sodium citrate, apple vinegar, 5% acetic acid, 5% malic acid, and 1% NaOCl) has been verified and concluded that EDTA and citric acid were the most efficient solutions in removing smear layer (8) . It has been concluded that the apple vinegar associated or not with EDTA was more effective in removing smear layer from the root canals than NaOCl associated with EDTA (9) .
When the efficiency of EDTA, apple vinegar and Smear Clear, with and without ultrasonic activation, on smear layer removal has been evaluated, it has been found that ultrasonics did not improve the smear layer removal significantly in all groups. The lowest smear layer removal capacity was observed in the apical third of the root canal, with statistical differences between the coronal third in all irrigation regimens (10) .However, when the smear layer removal resulting from final irrigation with different chelating solutions has been evaluated by using, apple vinegar, 5% malic acid, 5% acetic acid, 17% EDTA, and distilled water (control). It has been reported that, there was statistically significant difference between 17% EDTA and the other solutions with regard to smear layer removal. Apple vinegar, 5% malic acid, and 5% acetic acid promoted similar root canal cleaning. There was no statistical difference among the root canal thirds (11) .
Dentin is composed of the various inorganic component of dental hard tissue, present as hydroxyapatite crystals in the form of calcium and phosphorous. In hydroxyapatite crystals Ca/P ratio has been established at 1.67 approximately. This ratio depends on many factors such as level of mineraliation, type of crystals, the age of tissue and anatomical site (12) .
It has been reported that some chemicals used for endodontic irrigation are capable of causing alteration in the chemical composition of dentin. Any change in the Ca 2+ ratio may change the original proportion of organic and inorganic components, which in turn changes the microhardness, permeability and solubility characteristics of dentin and may also adversely affect the sealing ability and adhesion of dental materials such as resin-based cements and root canal sealers to dentin. Indeed, dentin adhesion depends on the presence of residual Ca 2+ on the bonding area, and there is evidence that partial depletion of surface Ca 2+ may significantly reduce the bond strength of some adhesive materials (13) (14) (15) (16) (17) (18) (19) (20) (21) .
Calcium ion removal with different root canal chelators (15% EDTA, 10% citric acid, 10% sodium citrate, apple vinegar, 5% acetic acid, 5% malic acid, and sodium hypochlorite) was evaluated. Results showed that 15% EDTA solutions removed the highest concentration of calcium ions followed by 10% citric acid, when compared with 10% sodium citrate, apple vinegar, 5% acetic acid, and 5% malic acid (8) .In another study, calcium ion release resulting from final irrigation with different chelating solutions has been quantified. Chelating solutions were apple vinegar, 5% malic acid, 5% acetic acid, 17% EDTA and distilled water (control). The highest concentrations of calcium ions were obtained with 17% EDTA, followed by malic acid. Apple vinegar and acetic acid removed the smallest quantity of calcium ions (11) .
Little data was published regarding the cleaning ability of the apple vinegar in when used as final rinse in endodontic irrigation and its effect on calcium ion content of intraradicular dentin substrate. Therefore, this study was directed to evaluate the smear layer removal efficiency of apple vinegar and EDTA when used as final rinse using scanning electron microscope (SEM) and to quantify the calcium content of intraradicular dentin after being treated with apple vinegar or EDTA using energy dispersive X-ray microanalyzer (EDX).
Materials and methods
Fifty palatal root canals of extracted permanent human maxillary molars with completely formed roots and no evidence of cracks or fractures were selected. The crowns were decapitated from the roots at the cemento-enamel junction using separating diamond disc under constant water spray. The working lengths were measured by subtracting 1mm from lengths that will be recorded when the tips of #10 K-files become observed at the apical foramina. Root apices were closed with sticky wax to simulate the closed end model. The canals were be prepared with Universal Protaper rotary files. After using each file, canals were irrigated with 2ml 2.6% NaOCl for 1 minute dispensed through a 31-gauge Navi-Tip flexible irrigation needle, where the needle was inserted as deep as possible into the root canal without binding. The total volume of the irrigating solution used was 12 ml of 2.6% NaOCl. After root canal preparation, the samples were divided into four experimental groups (I, II, III, IV) according to the final rinse used and the application time and one control group (V) (10 samples each).Group I: 17% EDTA for 1 minute (22) ,Group II: Apple vinegar for 1 minute,Group III: 17% EDTA for 3 minutes,Group IV: Apple vinegar for 3 minutes (10) .The canals were irrigated with 5 ml distilled water and dried with paper points.Group V: Control group which were divided into: a)Five samples were irrigated with sterile saline and b) Five samples were not receive any treatment to assess the calcium content with energy dispersive X-ray (EDX).
All teeth were grooved longitudinally on the external surfaces (buccal &lingual) with a diamond disk, avoiding penetration of the root canals. The teeth were then carefully split with a chisel and mallet into two halves. Each specimen was measured length wise with a digital caliper from the cementoenamel junction (CEJ) to the apex for delimitation of the root thirds (segments). Starting from the CEJ, the points corresponding to 1/6, 3/6 and 5/6 of the root length were demarcated to indicate the half of the coronal, middle and apical thirds respectively. The cleanliness of the root canals and smear layer were evaluated at three levels of root canal (coronal, middle and apical) using environmental scanning electron microscope (FEI Quanta ESEM) Photomicrographs were taken under magnification (X 4000) for smear layer scores at the apical, middle and coronal thirds of the canals and analyzed by means of numerical evaluation score by Hülsmann et al. (23) as following:
· Score 1: No smear layer and patent dentinal tubules (clean root canal wall and only a few small debris particles).
· Score 2: Small amount of smear layer, some open dentinal tubules (a few small agglomerations of debris).
· Score 3: Homogenous smear layer covering the root canal wall, only few open dentinal tubules (many agglomerations of debris covering less than 50% of the root canal wall).
· Score 4:
The entire root canal wall covered with a homogenous smear layer, no open dentinal tubules (more than 50% of the root canal walls were covered with debris).
· Score 5: Heavy, nonhomogenous smear layer covering the entire root canal wall (complete or nearly complete root canal wall coverage with debris).
The mineral content of root canal dentin was measured using Energy Dispersive X-ray (EDX). X-ray microanalysis relies on the ability to detect X-rays generated when a specimen is bombarded with high-energy electrons in an electron microscope. The X-rays can be detected using an energy-dispersive spectrometer, which can separate X-rays with different energy levels.
Statistical analysis
Data were calculated and statistically analyzaed, for parametric data; one-way ANOVA test was used to compare between the different groups while for non-parametric data; Kruskal-Wallis test was used.
RESULTS

I. Smear layer removal (Table 1) and ( Figure 1)
At coronal and middle level: Results showed that there was no statistically significant difference between mean smear layer scores of the experimental groups. At the apical level:The lowest mean smear layer score was recorded by samples of group II (apple vinegar 1 minute) which was statistically significant different from that of group I (17% EDTA 1 minute), however, there was no statistically significant difference between group II (apple vinegar 1 minute), group III (17% EDTA 3 minutes) and group IV (apple vinegar 3 minutes) ( Figure 2) . 
II.Calcium content
Comparison of the mean calcium content among the tested groups:
( Table 2 ) and (Figure 3) The results showed that the highest mean calcium content was recorded in specimens treated with apple vinegar for 1 minute (group II), which revealed statistically significant difference from that of specimens treated with 17% EDTA for 1 minute (group I) and that of specimens treated with apple vinegar for 3 minutes (group IV). 
DISCUSSION
The main goals of the chemomechanical preparation are to eliminate bacteria and their byproducts from the root canal system, remove pulp tissue remnants and contaminated organic and inorganic debris. The search for a chelating agent that was more efficient and biocompatible than EDTA has resulted in various solutions being researched over the last few years. Accordingly, apple vinegar was used in the present study due to its biocompatibility, chelating capacity, antimicrobial potential and its cost-effectiveness (7, 9, 24) .
Regarding the results of smear layer removal,at the coronal level, the lowest mean scores of smear layer was recorded in specimens treated with apple vinegar for 3 minutes compared to 17% EDTA 1 minute, 17% EDTA 3 minutes or apple vinegar 1 minute. However, there was no statistically significant difference in the mean scores of smear layer among the tested groups either at the coronal or middle third (P > 0.05). The results of the apple vinegar might be attributed to that apple vinegar has acids in its constitution, and the malic acid is the main component which is responsible for the therapeutic property of the apple vinegar (6) .
The lower mean smear layer score with apple vinegar reported in this study was in disagreement with previous study (10) , which revealed that the apple vinegar was not able to completely remove the smear layer, with significant difference between EDTA at the coronal third. These discrepancies might be attributed to differences in the selected teeth, where they used canines with straight roots, less volume of apple vinegar (3ml) and less volume of NaOCl irrigation.
In the current study, the lower mean smear layer score produced by apple vinegar for 1 minute at the apical level could be attributed to the decreased surface tension of the malic acid, which is the main component of apple vinegar, when compared to that of 17% EDTA (25) . Moreover, the presence of alcohol resulting from the fermentation process of apple vinegar is responsible for reducing its surface tension (26) . It has been reported that, the efficiency of a root canal irrigant, depends on its intimate contact with the dentin walls and debris, which is a property that is strictly correlated to the surface tension of the irrigant (27, 28) .
Moreover, the preceding use of 2.6% NaOCl before the final rinse increase the efficiency of the apple vinegar, where the use of NaOCl dissolve the organic portion of smear layer that covers the dentinal tubules allows acids to dissolve the inorganic portion of the smear layer, penetrate into dentinal tubules, and decalcify them (29) .
The results of the present study was not consistent with a recent study reported that, 17% EDTA was more effective regarding removal of smear layer and the difference was statistically significant (11) . This could be attributed to absence of NaOCl as the main irrigant was distilled water that used at every change of instrument.
The lower efficiency of EDTA to clean the apical third might be explained by that a neutral EDTA solution not only removes calcium ions but also calcium bonded to noncollagenous proteins of dentin (NCPs) (23, 30) . As the content of NCPs decreased at the apical third of the root canal system, accordingly the decalcifying effect of EDTA at the apical part is low.The results of the present study regarding the low effectiveness of EDTA in cleaning the apical third were in accordance with previous studies (31, 32) .
Regarding the results of calcium ion content, the highest mean calcium content was recorded in specimens treated with saline followed by specimens treated with apple vinegar for 1 minute, followed by specimens that did not receive any irrigation, with no statistically significant difference among them. Moreover, the mean calcium content in specimens treated with apple vinegar for 1 minute was statistically higher than that recorded in specimens treated with apple vinegar for 3 minutes and 17% EDTA for 1 minute (P ≤ 0.05).
The highest mean calcium content that was recorded in group V a (Saline) compared to group V b (did not receive any irrigation) could be explained by the variable effect of NaOCl as irrigating solution on mineral content of root dentin, where it has been reported that treatment with sodium hypochlorite may causes mineral accumulation in human root dentin (33) . Moreover, it has been demonstrated that the use of 2.5% sodium hypochlorite as irrigation solution, either alone or combined with a 17% EDTA solution, significantly increases the Ca/P ratio of root dentin (18) .
Regarding the highest mean calcium content recorded in specimens treated with apple vinegar applied for 1 minute compared to 17% EDTA, could be explained by the mechanism by which the calcium ions were removed, using EDTA the mechanism is by chelation while that in apple vinegar is by decalcification (34) . Moreover, malic acid is highly acidic, so it has a better demineralizing effect within a shorter period of time.
EDTA form a stable complex with the calcium ions in dentin. Accordingly, carboxyl groups of the EDTA molecule are ionized, releasing hydrogen atoms that compete with the calcium ions. When all available ions have been bound, equilibrium is formed and no further dissolution takes place. It has been concluded that the properties of EDTA were self-limiting. This limitation due to pH changes during demineralization of dentin. Under neutral conditions, the exchange of calcium from the dentin by hydrogen results in a subsequent decrease in pH. Accordingly, the release of acid, decreases the efficiency of EDTA with time. Therefore, increasing time of application of 17% EDTA does not necessitate more removal of calcium ions (35, 36) .
The results of the present study was consistent with previous study which reported that 17% EDTA significantly removed higher quantity of calcium ions from the root canal compared to those obtained with apple vinegar (11) . Moreover, other studies verified that apple vinegar was less effective than 17% EDTA in removing the calcium ions from the root canal (8, 11) .
